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Supplementary note 1: Summary of epidemiological and mobility data per country

Overall, mobility saw a sharp decline followed by a gradual recovery, with large variability across countries.
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Supplementary Figure 1: Temporal variations in Apple-Google mobility trends, median and interquartile
range (IQR) across the 52 countries included in the analysis.

The plots below summarise the incidence of deaths, and mobility data available in each country.
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Supplementary Figure 2: Incidence of deaths and mobility data available in each country. Each stream of
mobility raw data is represented with dots and with colored lines represent our smoothed mobility
measure. Dashed light blue lines represent either Apple or Google (A or G) mobility measures combine
all/some of the respective data streams, while the black dashed lines represent the combined (C) Apple-
Google mobility estimates.
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Correlation in mobility estimates
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Supplementary Figure 3: Comparison of each mobility data stream against the Apple-Google data stream.
The Google stream reflecting ‘park’ and ‘residential’ mobility show some clear discrepancy compared to
other streams. This is likely reflecting the allowance for essential movement linked to subsistence and
exercise.
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Supplementary note 2: Mobility thresholds by countries
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Supplementary Figure 4: Equivalent to Figure 1 in main text. Relationship between mobility and
transmission. a) Apple-Google mobility (purple line) and daily mobility (reflecting other data
streams). b) Estimated daily reproduction number for new infections (red) and deaths by date of
reported death (blue) estimated using the best-fitting model and mobility data. Instantaneous
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reproduction number estimated from deaths data alone using a daily 7-day sliding window (grey). In
each case shading represents the 95% credible interval. Horizontal orange dot and line show the
median and 95% Crl for the timing of the change in the relationship between mobility and
transmission. c) Estimates of the reproduction number against changes in mobility using our best
model (5 estimated parameters): Turquoise/orange lines showing the median predictions pre-post
change in relationship, with shading indicating the 95% credible interval. The ‘EpiEstim’ delayed
effective reproduction numbers using ‘EpiEstim’-like method are shown as error-bars in
turquoise/orange for approximate pre-post change in relationship with 95% credible interval.
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Supplementary note 3: Improved fit using individual data stream in selected countries
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Supplementary Figure 5: For selected countries, equivalent of Supplementary Figure 4 with the combined Apple-
Google mobility on the left and best mobility stream on the right. In b) and c), dots and solid lines represent median
estimates, while error bars and bands represent 95%Crl.
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Supplementary note 4: Mobility thresholds by countries

Supplementary Table 1: Estimated basic reproduction number and mobility thresholds with default serial interval distribution and negative binomial

likelihood for Apple-Google mobility.

country
Afghanistan
Argentina
Australia
Austria

Bangladesh

Belgium

Bolivia

Brazil

Canada

Chile

Ro

0.91 ; 95%Crl
[0.76 ; 1.06]
3.26 ; 95%Crl
[1.73 ; 4.81]
3.36 ; 95%Crl
[2.13 ; 4.68]
3.15 ; 95%Crl
[2.27 ; 4.24]
3.2 ; 95%Crl
[1.65 ; 4.83]

3.37 ; 95%Crl
[2.87 ;3.87]
2.68 ; 95%Crl
[0.54; 4.82]

3.81; 95%Crl
[2.73; 4.81]

3.79 ; 95%Crl
[2.62; 4.85]
4.19 ; 95%Crl
[2.53 ; 4.98]

First period

B Mobility
threshold

-0.72;95%Crl | NA
[-1.53; 0.09]
1.5; 95%Crl 0.8 ; 95%Crl
[0.47 ; 2.24] [0.62 ; NA]
2.35; 95%Crl 0.51 ; 95%Crl
[1.13; 3.45] [0.38;0.76]
3.33; 95%Crl 0.35; 95%Crl
[2.35; 4.37] [0.28;0.42]
1.56 ; 95%Crl 0.75 ; 95%Crl
[0.25; 2.6] [0.52; NA]

2.77 ; 95%Crl
[2.34; 3.16]
0.72; 95%Ccrl
[-1.48;1.7]

1.86; 95%Crl
[1.13;2.42]

2.01; 95%Crl
[1.24;2.65]
2.02 ; 95%Crl
[0.99 ; 2.56]

0.44 ; 95%Ccrl
[0.41;0.48]
NA

0.72 ; 95%Ccrl
[0.63;0.93]

0.66 ; 95%Crl
[0.57;0.82]
0.71 ; 95%Ccrl
[0.61; 0.98]

Adjusted
R-squared
0
0.51
0.18

0.83

0.26

0.98

0.38

0.87

0.54

0.68

0.69 ; 95%Crl
[0.37;1.2]
1.72; 95%Crl
[0.16; 4.76]
1.24 ; 95%Crl
[1.01;1.48]
0.93; 95%Crl
[0.78;1.12]

1.2 ; 95%Crl
[1.05 ; 1.36]
0.69 ; 95%Crl
[0.47 ; 1]

0.88 ; 95%Crl
[0.8;0.98]

1.11 ; 95%Crl
[0.95 ; 1.29]
1.39 ; 95%Crl
[0.98 ; 1.96]

Second period

-1.1; 95%Crl
[-2.59;0.1]
2.9; 95%Crl
[-7.36; 7.29]
1.25; 95%Crl
[-0.19; 3.1]
-0.54;
95%Crl [-
1.18;0.22]
2.06 ; 95%Crl
[1.18; 3.27]
-0.89;
95%Crl [-
1.64 ;-0.18]
-0.35;
95%Crl [-
0.64; 0.02]
1.19; 95%Crl
[0.52;2.02]
1.46 ; 95%Crl
[0.29; 2.63]

Mobility
threshold

NA

NA

NA

NA

0.09 ; 95%Crl

[0.02;0.19]
NA

NA

0.09 ; 95%Crl [-

0.09;0.17]

0.23; 95%Crl [-

0.05; 0.28]

Adjusted R-
squared

0.27
0.28
0.09

0.48

0.49

0.33

0.73

0.2

0.31
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Colombia

Costa_Rica

Czechia
Denmark
Dominican_R.
Ecuador
Egypt

France
Germany
Guatemala
Honduras
Hungary

India

Indonesia

4.09 ; 95%Crl
[2.2;4.96]

2.56 ; 95%Crl
[0.9;4.73]

4.17 ; 95%Crl
[2.65 ; 4.96]
4 ; 95%Crl
[2.7 ; 4.92]
1.08 ; 95%Crl
[0.88;1.32]
0.87 ; 95%Crl
[0.76; 1]
3.37; 95%Crl
[2.23;4.7]
4.21 ; 95%Crl
[3.7 ; 4.8]
3.82; 95%Crl
[3.12; 4.58]
0.77 ; 95%Crl
[0.63;0.95]
0.98 ; 95%Crl
[0.82;1.12]
3.51; 95%Crl
[2.03; 4.79]
3.6 ; 95%Crl
[2.44 ; 4.86]

2.55; 95%Crl
[1.79; 3.57]

1.97; 95%Crl
[0.88; 2.57]

0.63 ; 95%Ccrl
[-1.42;2.31]

3.47 ; 95%Crl
[2.19 ; 4.43]
3.85 ; 95%Crl
[2.52 ; 4.85]
0.02 ; 95%Crl
[-0.97 ; 1.07]
-0.35 ; 95%Crl
[-1.06 ; 0.43]
1.86 ; 95%Crl
[1.03; 2.57]
2.36 ; 95%Crl
[2.13;2.6]
3.48 ; 95%Crl
[2.8;4.08]
-1.42 ; 95%Crl
[-2.08 ; -0.72]
-0.52 ; 95%Crl
[-1.13; 0.1]
2.1; 95%Crl
[0.99 ; 2.93]
1.53 ; 95%Crl
[0.84;2.1]

1.5; 95%Crl
[0.76; 2.24]

0.71 ; 95%Crl
[0.58 ; NA]

NA

0.41 ; 95%Ccrl
[0.33;0.51]
0.36; 95%Ccrl
[0.3;0.45]
NA

NA

0.65 ; 95%Ccrl
[0.57;0.82]
0.61 ; 95%Ccrl
[0.58; 0.64]
0.39; 95%Crl
[0.35;0.43]
NA

NA

0.6 ; 95%Crl
[0.49 ; 0.82]
0.85 ; 95%Crl
[0.72 ; NA]

0.64 ; 95%Ccrl
[0.5;0.86]

0.76

-0.01

0.91

0.96

0.06

0.85

0.7

0.94

0.42

0.06

0.68

0.65

0.44

0.82; 95%Crl
[0.67; 0.99]

1.04 ; 95%Crl
[0.5;2.23]

3.24 ; 95%Crl
[0.95; 4.9]
0.99 ; 95%Crl
[0.73;1.26]

0.99 ; 95%Crl
[0.86;1.13]
1.15; 95%Crl
[1.04;1.26]
0.97 ; 95%Crl
[0.87;1.09]

1.65; 95%Crl
[1.37;2.04]
0.8 ; 95%Crl
[0.71;0.91]

0.95 ; 95%Crl
[0.7;1.33]

-0.92;
95%Crl [-
1.53 ;-0.31]
-0.26;
95%Crl [
2.27;1.93]
2.07 ; 95%Crl
[-1.32;3.23]
1.69 ; 95%Crl
[0.17 ; 3.32]

0.62 ; 95%Ccrl
[-0.28 ; 1.5]
1.25; 95%Crl
[0.77 ; 1.88]
1.51; 95%Crl
[0.96; 2.08]

1.73; 95%Crl
[0.73; 3.01]
-0.75;
95%Crl [-
1.06 ;-0.44]
-0.37;
95%Crl [-1.2
; 0.55]

NA

NA

NA

-0.01 ; 95%Crl [-
0.19;0.57]

NA

0.11; 95%Ccrl
[0.04;0.19]
-0.02 ; 95%Crl [-
0.1; 0.06]

0.29; 95%Crl
[0.18; 0.55]
NA

NA

0.57

0.38

0.07

0.27

0.29
0.32

0.45

0.26

0.84

0.06
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Iraq

Ireland
Israel
Italy

Japan

Libya
Mexico

Moldova

Morocco
Netherlands

Pakistan

Panama
Paraguay

Peru

1.76 ; 95%Crl
[1.17 ; 2.67]

3.91; 95%Crl
[2.83; 4.88]
3.07 ; 95%Crl
[1.96; 4.62]
2.73 ; 95%Crl
[2.43;3.07]
1.52; 95%Crl
[1.14;2.01]

1.07 ; 95%Crl
[0.81; 1.38]
0.82 ; 95%Crl
[0.76 ;0.9]
2.78 ; 95%Crl
[1.44 ; 4.59]

3.12; 95%Crl
[2.2;4.26]
3.39; 95%Crl
[2.78 ; 4.06]
3.43; 95%Crl
[1.78; 4.88]

2.53; 95%Crl
[1.54;3.93]
1.81; 95%Crl
[0.9; 3.76]
3.36; 95%Crl
[1.91;4.87]

1.49; 95%Crl
[-0.05; 3.39]

2.75 ; 95%Crl
[1.98;3.32]
2.14 ; 95%Crl
[1.09; 3.21]
1.89; 95%Crl
[1.64;2.13]
1.14 ; 95%Crl
[0.31;1.92]

-1.22 ; 95%Crl
[-2.86 ; 0.38]
-0.79 ; 95%Crl
[-1.04 ; -0.55]
3.51; 95%Crl
[0.23 ; 7.93]

2.34; 95%Crl
[1.47 ;3.23]
2.47 ; 95%Crl
[1.99;2.91]
1.86; 95%Crl
[0.45;2.8]

1.81; 95%Crl
[0.53;2.97]
2.07 ; 95%Crl
[-1.74 ; 6.53]
1.22; 95%Crl
[0.32;1.81]

NA

0.5 ; 95%Crl
[0.43 ; 0.58]
0.52 ; 95%Crl
[0.42 ; 0.69]
0.53 ; 95%Crl
[0.5;0.57]
0.37 ; 95%Crl
[0.24 ; 0.63]

NA
NA

0.29 ; 95%Crl
[0.17 ; NA]

0.48 ; 95%Crl
[0.39; 0.62]
0.5 ; 95%Crl
[0.45 ; 0.55]
0.66 ; 95%Crl
[0.54 ; NA]

0.52 ; 95%Ccrl
[0.42;0.9]
NA

0.99 ; 95%Ccrl
[0.83; NA]

0.28

0.46

0.6

0.92

0.18

0.17

0.05

0.49

0.48

0.93

0.83

0.39

0.6

0.78 ; 95%Crl
[0.68; 0.9]

1.65; 95%Crl
[1.08 ; 2.51]
1.46 ; 95%Crl
[1.18;1.82]
1.2 ; 95%Crl
[1.06; 1.34]
1; 95%Crl
[0.77 ; 1.26]

1.12; 95%Crl
[0.72;1.73]

2.59; 95%Crl
[1.08; 4.61]
1.55; 95%Crl
[1.26; 1.87]
0.74 ; 95%Crl
[0.58; 0.97]

2.72 ; 95%Crl
[0.6; 4.89]

0.6 ; 95%Crl
[0.32;1.12]

-3.61;
95%Crl [-
4.92;-2.35]
1.88 ; 95%Crl
[0.52; 3.3]
2.85; 95%Crl
[1.03; 4.83]
1.09 ; 95%Crl
[0.58; 1.65]
-3.32;
95%Crl [-
6.75; 0.36]

-0.06;
95%Crl [-
3.12; 3.26]
3.79; 95%Crl
[-0.28 ; 6.65]
1.83; 95%Crl
[1.08 ; 2.82]
-1.7 ; 95%Crl
[-3.15; -
0.18]

3.54 ; 95%Crl
[-1.9;5.85]

-0.9; 95%Crl
[-2.02; 0.24]

NA

0.27 ; 95%Ccrl
[0.08; 0.42]
0.14 ; 95%Crl
[0.09; 0.24]
0.17 ; 95%Ccrl
[0.08 ; 0.26]
NA

NA
NA
0.24 ; 95%Crl

[0.16; 0.34]
NA

NA

NA

0.87

0.14
0.49
0.27

0.48

0.65
0.29

0.12

0.31

0.37
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Philippines

Poland

Portugal
Romania
Russia

Saudi_Arabia

South_Africa
Spain
Sweden
Switzerland
Turkey

Ukraine

United_Kingdom

USA

1.52; 95%Crl
[0.97; 2.36]
1.2 ; 95%Crl
[0.86; 1.63]

3.32; 95%Crl
[2.51;4.22]
4.43 ; 95%Crl
[3.05; 4.97]
4.28 ; 95%Crl
[2.79;4.97]
4.04 ; 95%Crl
[2.07 ; 4.94]

0.8 ; 95%Crl
[0.71;0.9]
2.06 ; 95%Crl
[1.88;2.23]
3.58; 95%Crl
[2.69; 4.57]
3.19; 95%Crl
[2.5;3.97]
3.59; 95%Crl
[2.88; 4.36]
3.68 ; 95%Crl
[2;4.92]
3.55; 95%Crl
[3.11; 4.02]
3.33; 95%Crl
[2.94;3.77]

0.64 ; 95%Crl
[-0.1; 1.43]

0.14 ; 95%Crl
[-0.53; 0.79]

2.19 ; 95%Crl
[1.61;2.75]
2.44 ; 95%Crl
[1.64 ; 2.92]
2.14 ; 95%Crl
[1.26 ; 2.61]
2.16 ; 95%Crl
[0.76 ; 2.88]

-1.13 ; 95%Crl
[-1.58; -0.71]
1.97 ; 95%Crl
[1.74; 2.18]
3.31; 95%Crl
[2.38; 4.07]
4.37 ; 95%Crl
[3.29; 5.42]
2.45 ; 95%Crl
[1.96 ; 2.94]
2.57 ; 95%Crl
[0.94 ; 3.73]
2.92 ; 95%Crl
[2.6;3.24]
2.25 ; 95%Crl
[1.98; 2.53]

NA

NA

0.55 ; 95%Crl
[0.47 ; 0.64]
0.61 ; 95%Crl
[0.52;0.73]
0.68 ; 95%Crl
[0.59 ; 0.89]
0.65 ; 95%Crl
[0.53 ; NA]

NA

0.37 ; 95%Crl
[0.33; 0.41]
0.39 ; 95%Crl
[0.35; 0.44]
0.27 ; 95%Crl
[0.23; 0.31]
0.52 ; 95%Crl
[0.47 ; 0.58]
0.51 ; 95%Crl
[0.4;0.8]
0.43 ; 95%Crl
[0.41 ; 0.46]
0.54 ; 95%Crl
[0.51; 0.57]

0.41

0.01

0.91

0.93

0.89

0.87

0.1

0.77

0.82

0.94

0.94

0.81

0.98

0.72

1.48 ; 95%Crl
[1.27 ; 1.68]

1.19; 95%Crl
[1.04; 1.36]
1.11; 95%Crl
[1.01;1.21]
1.04 ; 95%Crl
[0.96;1.11]
0.87 ; 95%Crl
[0.73; 1.06]

1.18 ; 95%Crl
[1.07 ; 1.28]
0.92 ; 95%Crl
[0.79 ; 1.07]
1.04 ; 95%Crl
[0.77 ; 1.34]
1.06 ; 95%Crl
[0.96; 1.17]
1.06 ; 95%Crl
[0.89 ; 1.22]
1.59 ; 95%Crl
[1.37; 1.85]
1.03 ; 95%Crl
[0.97;1.1]

-2.01;
95%Crl [-
3.66;-0.41]
0.49 ; 95%Crl
[0;1.06]
0.19; 95%Crl
[-0.39;0.72]
0.03; 95%Crl
[-0.22;0.39]
-1.22;
95%Crl [-
2.15;-0.16]

1.7 ; 95%Crl
[1.05; 2.64]
0.2 ; 95%Crl
[-0.51;0.98]
3.14; 95%Crl
[0.49; 6.61]
0.4 ; 95%Crl
[0.04;0.78]
0.3 ; 95%Crl
[-0.24 ; 0.96]
2.64 ; 95%Crl
[1.93; 3.45]
0.5 ; 95%Crl
[0.2;0.82]

NA

NA
NA
NA

NA

0.1; 95%Crl
[0.04;0.17]
NA

0.01; 95%Crl [-
0.07; 0.36]
0.16 ; 95%Crl [-
0.06 ; NA]

NA

0.18 ; 95%Ccrl
[0.14; 0.21]
0.07 ; 95%Crl [-
0.14 ; 0.14]

0.45

0.19

0.29

0.64

0.47
0.08
0.04
0.34
0.02
0.69

0.13
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Supplementary note 5: Correlation between Ro and the mobility threshold

We evaluated the correlation between estimated mobility thresholds and basic reproduction
number across countries to ensure the variation in the estimated thresholds was not driven by the
variation in estimated basic reproduction number.

We found no evidence of a correlation between the estimated mobility threshold and the estimated
basic reproduction number.
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Supplementary Figure 6: Relationship between the estimated (medians) basic reproduction number
and the estimated (medians) mobility thresholds. As we evaluate the relation with the basic
reproduction number, this is based on data up to the 10" May 2020. For both Apple and Google
mobility, we found no significant correlation between the estimated Ro and mobility thresholds.
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Supplementary note 6: Sensitivity of estimated parameters to early epidemic
dynamics

As the reporting of deaths might have changed during the country-specific early phase of the
epidemic, we re-estimated the mobility-transmission relationship excluding from the likelihood all
days previous to the two consecutive weeks reporting each at least 10 deaths (the criteria for
sustained epidemic). However, the estimated parameters were robust to excluding the very early
dynamic from the likelihood (i.e. before our sustained epidemic criteria is met).
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Supplementary Figure 7: Estimated parameters(median and 95%Crl) when excluding the early
epidemic phase (black), or including the early epidemic phase (blue) from the likelihood calculation.
As we evaluate the relation with the basic reproduction number, this is based on data up to the 10"
May 2020.
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Supplementary note 7: Sensitivity of estimated mobility thresholds to the serial interval distribution

We found that the estimated mobility thresholds and how those relate to observed mobility are consistent across assumptions of serial interval distribution
and likelihood formulation.

Supplementary Table 2: Sensitivity of estimated thresholds to serial interval distribution, equivalent to Table SI.1 but with alternative serial interval (default

serial interval: mean of 6.48 days and standard deviation 3.83 days, alternative serial interval: mean 4.8 and standard deviation 2.7 days).

country
Afghanistan

Argentina

Australia
Austria

Bangladesh

Belgium

Bolivia

Brazil

First period
Ro

0.93 ; 95%Crl
[0.78 ; 1.08]
2.64 ; 95%Crl
[1.33; 4.34]

2.66 ; 95%Crl
[1.64 ; 4.07]
2.46 ; 95%Crl
[1.75; 3.42]
2.54 ; 95%Crl
[1.37; 4.48]

2.63; 95%Crl
[2.26 ; 3.07]
2.09 ; 95%Crl
[0.55 ; 4.66]

2.78 ; 95%Crl
[1.9;3.81]

B

-0.48 ; 95%Crl
[-1.31;0.27]
1.23 ; 95%Crl
[0.05;2.12]

1.87; 95%Crl
[0.59; 3.1]
2.53; 95%Crl
[1.48;3.59]
1.21; 95%Crl
[-0.08 ; 2.48]

2.15 ; 95%Crl
[1.74 ; 2.55]
0.47 ; 95%Crl
[-1.4;1.71]

1.45 ; 95%Crl
[0.61; 2.16]

Mobility
threshold
NA

0.02 ; 95%Crl
[NA ; NA]

0.53; 95%Crl
[0.39; NA]
0.32; 95%Crl
[0.2;0.59]
NA

0.45 ; 95%Crl
[0.4;0.51]
NA

0.71 ; 95%Crl
[0.6 ; NA]

Adjusted
R-squared
0

0.51

0.19
0.84

0.27

0.98

0.35

0.87

Second period

Ro

0.72 ; 95%Crl
[0.4;1.2]

2.19; 95%Crl
[0.16 ; 4.83]
1.23 ; 95%Crl
[0.99; 1.48]
0.97 ; 95%Crl
[0.81;1.17]

1.19 ; 95%Crl
[1.06; 1.35]
0.8 ; 95%Crl
[0.54; 1.16]

0.91 ; 95%Crl
[0.83; 1.01]

B

-0.95;
95%Crl [-
2.28;0.18]
3.75; 95%Crl
[-7.51; 7.25]
1.05 ; 95%Crl
[-0.48 ; 2.76]
-0.35;
95%Crl [-
1.02;0.39]
1.49 ; 95%Crl
[0.76; 2.56]
-0.58;
95%Crl [-
1.35;0.17]
-0.23;
95%Crl [-
0.55;0.12]

Mobility
threshold

NA

NA
NA
NA
0.12 ; 95%Ccrl

[0.04 ; 0.27]
NA

NA

Adjusted R-
squared

0.26

0.22

0.08

0.48

0.49

0.32

0.73

Page 54 of 64



Canada
Chile

Colombia

Costa_Rica

Czechia
Denmark
Dominican_R.
Ecuador
Egypt

France
Germany
Guatemala
Honduras
Hungary

India

2.9; 95%Crl
[1.96; 4]
3.67 ; 95%Crl
[1.75; 4.91]
3.45; 95%Crl
[1.66; 4.89]

2.12; 95%Crl
[0.74 ; 4.53]

3.4 ; 95%Crl
[2.04; 4.87]
3.11; 95%Crl
[1.93;4.5]
1.08 ; 95%Crl
[0.89;1.29]
0.89 ; 95%Crl
[0.78 ; 1.02]
2.68 ; 95%Crl
[1.69; 4.08]
3.07 ; 95%Crl
[2.66 ; 3.58]
2.92; 95%Crl
[2.29; 3.53]
0.82 ; 95%Crl
[0.65; 1.01]
0.99 ; 95%Crl
[0.84;1.16]
2.76 ; 95%Crl
[1.6;4.37]
2.87 ; 95%Crl
[1.76; 4.04]

1.69; 95%Crl
[0.89; 2.4]
1.96 ; 95%Crl
[0.47 ; 2.68]
1.81; 95%Crl
[0.38; 2.6]

0.41 ; 95%Ccrl
[-1.84;2.29]

2.92 ; 95%Crl
[1.49 ; 4.08]
3.08 ; 95%Crl
[1.49 ; 4.44]
0.12 ; 95%Crl
[-0.9; 1.03]
-0.17 ; 95%Crl
[-0.89 ; 0.54]
1.5 ; 95%Crl
[0.59 ; 2.41]
1.84 ; 95%Crl
[1.58;2.11]
2.78 ; 95%Crl
[2.06 ; 3.44]
-1.14 ; 95%Crl
[-1.85 ; -0.41]
-0.39 ; 95%Crl
[-0.93 ; 0.19]
1.66 ; 95%Crl
[0.51; 2.64]
1.27 ; 95%Crl
[0.39; 1.93]

0.63 ; 95%Crl
[0.54 ; 0.83]
0.66 ; 95%Crl
[0.57 ; NA]
0.69 ; 95%Crl
[0.56 ; NA]

NA

0.5; 95%Crl
[0.44 ; 0.66]
0.37 ; 95%Ccrl
[0.3;0.49]
NA

NA

0.65 ; 95%Ccrl
[0.55;0.97]
0.61 ; 95%Ccrl
[0.57; 0.65]
0.39; 95%Ccrl
[0.35; 0.44]
NA

NA

0.61 ; 95%Ccrl
[0.47 ; NA]
0.83; 95%Ccrl
[0.7 ; NA]

0.56

0.68

0.77

-0.01

0.93

0.96

0.05

0.85

0.71

0.94

0.41

0.06

0.69

0.65

1.13; 95%Crl
[0.97;1.34]
1.35; 95%Crl
[0.95;1.9]
0.87 ; 95%Crl
[0.73;1.05]

1.08 ; 95%Crl
[0.51;2.29]

3.07 ; 95%Cirl
[0.98; 4.93]
1.03; 95%Crl
[0.76; 1.35]

1.01 ; 95%Crl
[0.88; 1.16]
1.1; 95%Crl
[1;1.21]
0.99 ; 95%Crl
[0.88; 1.11]

1.54 ; 95%Crl
[1.27;1.88]
0.85 ; 95%Crl
[0.75;0.96]

1.06 ; 95%Crl
[0.31; 2.26]
1.23; 95%Crl
[0.12;2.42]
-0.67 ;
95%Crl [-
1.22;-0.09]
-0.11;
95%Crl [-
2.29;1.94]
2.08 ; 95%Crl
[-1.13; 3.44]
1.41 ; 95%Crl
[-0.26 ; 3.19]

0.44 ; 95%Ccrl
[-0.37; 1.38]
0.93; 95%Ccrl
[0.46; 1.51]
1.15; 95%Crl
[0.63;1.77]

1.42 ; 95%Crl
[0.41; 2.66]
-0.57;
95%Crl [-
0.89;-0.24]

0.12; 95%Crl [-
0.08;0.22]
0.24 ; 95%Crl [-
0.37,0.3]

NA

NA

NA

NA

NA

0.11 ; 95%Crl [0
;0.23]

-0.01 ; 95%Crl [-
0.11;0.1]

0.3 ; 95%Crl
[0.18; 0.75]
NA

0.2

0.32

0.56

0.43

0.07

0.26

0.29

0.31

0.45

0.26

0.84
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Indonesia

Iraq

Ireland
Israel
Italy

Japan

Libya
Mexico
Moldova
Morocco
Netherlands

Pakistan

Panama

Paraguay

2.06 ; 95%Crl
[1.44;2.93]

1.53; 95%Crl
[0.94;2.34]

3.05; 95%Crl
[2.19; 4.15]
2.49 ; 95%Crl
[1.59;3.93]
2.16 ; 95%Crl
[1.89; 2.44]
1.47 ; 95%Crl
[1.11;1.98]

1.06 ; 95%Crl
[0.81; 1.36]
0.87 ; 95%Crl
[0.8;0.94]
2.32; 95%Crl
[1.1;4.37)]
2.53 ; 95%Crl
[1.73;3.57]
2.61 ; 95%Crl
[2.11;3.21]
2.77 ; 95%Crl
[1.44; 4.61]

2.12; 95%Crl
[1.26; 3.34]
1.57; 95%Crl
[0.83;3.57]

1.11; 95%Crl
[0.37;1.83]

0.93; 95%Ccrl
[-0.79; 2.74]

2.24 ; 95%Crl
[1.49;2.99]
1.66 ; 95%Crl
[0.62; 2.76]
1.45; 95%Crl
[1.21;1.71]
1;95%Crl [0.2
; 1.83]

-1.03 ; 95%Crl
[-2.6;0.64]
-0.58 ; 95%Crl
[-0.82;-0.32]
2.85; 95%Crl
[-0.98 ; 7.53]
1.81; 95%Crl
[0.84;2.69]
1.93; 95%Crl
[1.45;2.4]
1.58 ; 95%Crl
[0.13;2.75]

1.41 ; 95%Crl
[0.02; 2.69]

1.53; 95%Crl
[-2.26; 6.18]

0.66 ; 95%Ccrl
[0.48 ; NA]

NA

0.44 ; 95%Ccrl
[0.37;0.54]
0.55; 95%Ccrl
[0.43;0.9]
0.53; 95%Ccrl
[0.49; 0.58]
0.43 ; 95%Ccrl
[0.22 ; NA]

NA
NA
NA

0.52; 95%Ccrl
[0.4;0.75]
0.5; 95%Crl
[0.45;0.57]
0.65 ; 95%Crl
[0.52; NA]

0.54 ; 95%Ccrl
[0.41; NA]
NA

0.44

0.27

0.48

0.58

0.92

0.18

0.18

0.04

0.5

0.5

0.93

0.84

0.4

0.98 ; 95%Crl
[0.71;1.39]

0.84 ; 95%Crl
[0.73;0.97]

1.53; 95%Crl
[0.96; 2.41]
1.41; 95%Crl
[1.14;1.76]
1.19; 95%Crl
[1.05;1.35]
1.04 ; 95%Crl
[0.79;1.31]

1.12 ; 95%Crl
[0.72 ; 1.84]
2.16; 95%Crl
[0.82; 4.28]
1.44 ; 95%Crl
[1.18;1.77]
0.85 ; 95%Crl
[0.67;1.1]

2.81; 95%Crl
[0.67 ; 4.91]

-0.24 ;
95%Crl [-
1.06; 0.73]
-2.76;
95%Crl [-4.1
;-1.49]

1.45 ; 95%Crl
[0.06 ; 3.09]
2.63; 95%Crl
[0.88 ; 4.61]
0.87 ; 95%Crl
[0.34; 1.45]
-2.25;
95%Crl [-
5.87; 0.96]

0; 95%Crl [-
3.11; 3.78]
2.99 ; 95%Crl
[-1.58 ; 6.46]
1.39; 95%Crl
[0.57; 2.37]
-1.04 ;
95%Crl [-
2.45;0.62]
3.65 ; 95%Crl
[-1.52; 5.79]

NA

NA

NA ; 95%Crl [NA
; NA]

0.13; 95%Crl
[0.08 ; 0.23]
0.21; 95%Crl
[0.09 ; 0.36]

NA

NA
NA
0.26; 95%Crl

[0.16; 0.46]
NA

NA

0.06

0.86

0.14

0.47

0.27

0.48

0.66

0.28

0.12

0.3
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Peru

Philippines

Poland

Portugal
Romania
Russia

Saudi_Arabia

South_Africa
Spain
Sweden
Switzerland
Turkey

Ukraine

United_Kingdom

USA

2.57 ; 95%Crl
[1.43;4.33]

1.29; 95%Crl
[0.83;2.01]
1.23; 95%Crl
[0.88;1.68]

2.59; 95%Crl
[1.94;3.39]
3.92; 95%Crl
[2.36; 4.95]
3.68 ; 95%Crl
[2.21;4.9]
3.6 ; 95%Crl
[1.59;4.92]

0.84 ; 95%Crl
[0.75 ; 0.94]
1.75 ; 95%Crl
[1.6;1.91]
2.7 ; 95%Crl
[2.05; 3.51]
2.48 ; 95%Crl
[1.91;3.12]
2.78 ; 95%Crl
[2.19 ; 3.46]
2.96 ; 95%Crl
[1.64 ; 4.54]
2.71; 95%Crl
[2.37;3.07]
2.5 ; 95%Crl
[2.18; 2.81]

0.97 ; 95%Ccrl
[0.08; 1.74]

0.41 ; 95%Ccrl
[-0.36; 1.17]
0.2 ; 95%Crl [-
0.42,0.82]

1.72; 95%Crl
[1.13;2.31]
2.28 ; 95%Crl
[1.33;2.94]
2.03; 95%Crl
[0.97;2.74]
2 ;95%Crl
[0.25;2.98]

-0.88 ; 95%Crl
[-1.31;-0.44]
1.51; 95%Crl
[1.29;1.75]
2.57 ; 95%Crl
[1.7;3.4]
3.36; 95%Crl
[2.26; 4.39]
1.96 ; 95%Crl
[1.43;2.46]
2.21; 95%Crl
[0.54; 3.61]
2.29; 95%Crl
[1.92;2.63]
1.75; 95%Crl
[1.47;2.01]

0.97 ; 95%Ccrl
[0.78 ; NA]

NA

NA

0.55 ; 95%Crl
[0.46 ; 0.69]
0.6 ; 95%Crl
[0.52;0.72]
0.65 ; 95%Crl
[0.55 ; 0.88]
0.64 ; 95%Crl
[0.49 ; NA]

NA

0.37 ; 95%Ccrl
[0.33;0.42]
0.39; 95%Crl
[0.34; 0.46]
0.27 ; 95%Crl
[0.23;0.33]
0.52; 95%Ccrl
[0.46; 0.6]
0.5; 95%Crl
[0.37 ; NA]
0.44 ; 95%Ccrl
[0.41;0.47]
0.52 ; 95%Ccrl
[0.49; 0.57]

0.61

0.41

0.04

0.92

0.92

0.89

0.87

0.1

0.75

0.83

0.93

0.94

0.81

0.98

0.73

0.68 ; 95%Crl
[0.37;1.13]

1.37; 95%Crl
[1.18;1.57]

1.19 ; 95%Crl
[1.04 ; 1.36]
1.11 ; 95%Crl
[1;1.21]
1.03 ; 95%Crl
[0.96; 1.11]
0.92 ; 95%Crl
[0.76; 1.11]

1.14 ; 95%Crl
[1.04 ; 1.25]
0.99 ; 95%Crl
[0.85; 1.15]
1.07 ; 95%Crl
[0.79; 1.42]
1.08 ; 95%Crl
[0.98;1.18]
1.06 ; 95%Crl
[0.88;1.24]
1.43; 95%Crl
[1.21;1.67]
1.02 ; 95%Crl
[0.96; 1.09]

-0.69;
95%Crl [-
1.74 ; 0.28]

-1.65;
95%Crl [-
3.33; 0.06]
0.39; 95%Crl
[-0.17 ;0.99]
0.06 ; 95%Crl
[-0.54 ; 0.57]
0.05; 95%Crl
[-0.21;0.38]
-0.87 ;
95%Crl [-1.9
;0.12]

1.09; 95%Crl
[0.48 ; 1.88]

0.25; 95%Ccrl
[-0.51; 1.09]
2.19; 95%Crl
[-0.97 ; 5.82]
0.28; 95%Ccrl
[-0.13; 0.67]
0.2 ; 95%Crl

[-0.39;0.91]
1.98 ; 95%Crl
[1.19; 2.82]

0.37 ; 95%Ccrl
[0.04;0.72]

NA

NA

NA
NA
NA

NA

0.13; 95%Crl
[0.04 ; 0.28]
NA

NA

NA

NA

0.18; 95%Crl
[0.14;0.23]

0.06 ; 95%Crl [-

0.87;0.16]

0.36

0.19

-0.01

0.24

0.64
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Supplementary note 8: Modelling over-dispersion

Over-dispersion using a negative binomial likelihood is typically modelled in two ways*

in how the variance is linked to the mean:

NB1l:var(X) = u, +ﬂ =w; Uy where w;=1+—
61 5,

13 I
NB2:var(X) = ,ux+6—x=a)2 Uy Where w, = 1+5—x
2 2

, Which differ

While, arguably, NB2 has somehow more solid statistical foundation with this formulation being
formally derived from X following a binomial distribution with heterogeneous p, following a gamma

distribution, the NB1 is also very popular (generalized linear models) due to its simple interpretation

(scaling the Poisson variance).

There are no clear rule on using one formulation or another, and if the range of observed X is not

too wide, both formulations will give similar results.

However, when the range of X spans multiple orders of magnitude, the formulation will affect the

regression parameter estimates (see Supplementary Figure 8 below).

NB1; wy~13

Argentina (Apple) a Argentina (Apple)

c) R, predicted (with mobilty) )
— pastR™

— R&™ wesk finsining biay 3

—— R™ week finsihing May 10"
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— R, week finsihing May 10"

a)
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— pastR

— RE™, week finsihing May 3"
— ™, week finsihing May 10"
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Supplementary Figure 8: Estimated R¢'s (dots and lines: medians; error bars and bands: 95%Crl)
using NB1 or NB2 for Argentina (low-incidence setting) and the UK (high-incidence setting). Results
based on Apple mobility up to the 10™" of May 2020.

This in turns has implications in term of forecasts- i.e. projecting forward based on the same
relationship and assumption of future mobility patterns (figure below)
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Supplementary Figure 9: Forecasted incidence of deaths using NB1 or NB2 for Argentina (low-
incidence setting) and the UK (high-incidence setting). Results based on Apple mobility . Dots and
lines: medians; error bars and bands: 95%Crl.

From the estimated R{’s and forecasts, the NB1 structure tends to over-estimate R and the variance
in forecasts when the incidence is low (i.e. Argentina). The NB2 structure tends to over-estimate the
uncertainty in R; and the variance in forecasts when the incidence is high (i.e. UK).

This suggests that:
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- When incidence is low, var(X) is over-estimated with NB1, but reasonable for NB2,
- When incidence is high, var(X) is over-estimated with NB2, but reasonable for NB1.

We therefore propose that instead of ‘scaling’ the variance by u2 (NB2) or u, (NB1), we use an
alternative formation where the increase variance slows down as p, increases (Supplementary Table

3):

Vi

where Wsgre =1+ -—

NBsqrt:var(X) = u, +
6sqrt

i
X

= Wgqrt Ux
85qrt\/ Uy

Supplementary Table 3: Factor to multiply the mean to obtain the variance given estimated over-
dispersion under alternative NB models.

NB1 NBsqrt NB2
X (incidence) w1=1+5l1~13 (‘)sqr=1+6ﬂ w2=1+§—z
With estimated §;~0.08 it ocrintog 5;‘;’;0.8 With estimated &,~5
1 13 2.3 1.2
10 13 5.0 3
20 13 6.6
50 13 9.8 11
100 13 13.5 21
500 13 29.0 101
1000 13 40.5 201

The NBsqrt model outlined seems to better capture the link between variance and mean
(Supplementary Figure 10 below). This could reflect the fact that the variance is reflecting 2
processes generating heterogeneity:

- Heterogeneity in transmissibility (i.e. super spreading), which would be linked to NB2, see®,
and would impact more when incidence is small.

- Heterogeneity in reporting, which would be linked to NB1 as the variance would not
necessarily dramatically increase as incidence increased.

Based on DIC, we confirmed the improved fit (NB1 DIC = 39,115. NB2 DIC = 36,060, NBsqrt DIC =
35,916).
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Supplementary Figure 10: Estimated R's and forecasted incidence rates of deaths using NBsqrt for
Argentina (low-incidence setting) and the UK (high-incidence setting). Results based on Apple
mobility. Dots and lines: medians; error bars and bands: 95%Crl.

In the final models, we estimate the median over-dispersion at 0.56 (95%Crl [0.55-0.58]) for the
model without time change, and the median over-dispersion at 0.87 (95%Crl [0.74-1.01]) for the
model with a time change.

Supplementary note 9: Linking current transmission to transmission measured at
deaths

We first characterise incidence of reported deaths:
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t
Dy ~P <R€i Z[Ds,i Wt—s])

s=0

If we do the same for incidence of infections:

t
lei~ P (Ré,i >l wt_s]>
s=0

Relating deaths to infections, we have:
Dei  _ IFR¥So[ls; h(t =)
§=0[Ds,i Wt—s] g:o[Ds.i Wt—s]
_ Zg:o[ Ré,i h(t - 5)(ch=0[lx,i Ws—x])]
gzO[Wt—s(ZJSc:O[Ix,i h(s — x)])]
Re-arranging the sum at the bottom, we have:
— Zg:o[ Ré,i h(t - S)(chzo[lx,i Ws—x])]
§=0[h(t - 5)(Zasc=o[1x.i Ws—x])]
Where 05 = ¥:5_o[l,.; ws_x] is the overall infectivity on day s, so:
_ Zizo[ Rs; h(t = )0
t_o[h(t —5)0s]

Z§=0[h(t — 5)0q] can be interpreted as an average overall infectivity (weighted by the infection-
death delay) at time t: E[0O;], so we have:

t
0
RE~ )| Rkt = )57
s=0 t

Therefore, when O is constant then RY; = Y:_o[ RL; h(t — 5)], as used in the analysis.

D
Rt,i“’

The simplified equation is therefore an approximation. When, epidemic is growing, more weight
should be put on recent mobility, so our approximation under-estimates slightly recent changes in
mobility. When the epidemic is declining, more weight should be put on past mobility, so our
approximation over-estimates slightly recent changes in mobility. Effectively when estimating Rgi at
time t: when R=1, the largest weight is put on Ré’i when s=t-14 days (i.e. 14 days being mode of the
h distribution); when R=1.5, the largest weight is put on Ré_i when s=t-11 days; when R=0.8, the
largest weight is put on Ré’i when s=t-16 days.

Given uncertainty surrounding transmission, the unknown O, (we use an estimate of the overall
infectivity linked to deaths but not infections), the delay between infection and deaths, and the
serial interval, we believe we can confidently use the approximation. The only situation where the
approximation would significantly fail would be if we were observing rapid fluctuations (i.e. decrease
followed by increase) in mobility with a 2-3 days period. What we observed are smooth changes in
mobility, and while the reduction in mobility may be sharp, we never observe a reversion of the
mobility reductions on such timescale.
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Supplementary note 10: Additional information for the inference

For epidemiological data:

We define a matrix of deaths on day t, for location i:

[ D1,1 Dl,i Dl,n_loc ]
D2,1 Dzyi Dz,n_loc
D = D34 D3 1oc
Dn_days,l Dn_days,i Dn_days,n_loc

Overall transmissibility matrix:

-1
Z [Ds,1Wt—s] 0
s=0

2 1
Z[Ds,lwt—s] Z[Ds,zwt—s]
s=0 s=0

Oot=]3 2 =W.D
Z[DS,lwt—s] Z[Ds,zwt—s]
s=0 s=0
, :
Z[Ds,lwt—s]
Ls=0 _
with
Wy 0 0 .. 0
w3 Wi 0 - 0
W = w3 w; wq 0
[Wn_days Wndays_l anzia_'ys_2 WlJ
For mobility data:
We define a matrix of deaths reported on day t, for location i:
[ ml,l mlll‘ ml,n_loc ]
I ma1 - my; M2n_loc I
M = | ™M1 M3 n loc |
lmn_days,l v My gays,i mn_days,n_locJ

The mobility at time of death relevant to the time of infection:
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- 1 1 -

Z[ms,lht—s] Z[ms,zht—s]
s=0 s=0
2 1
Z[ms,lht—s] Z[ms.zht—s]
s=0 s=0
MP =1 3 1 =H.M
D [msates] D [msah)
s=0 ) s=0
n_days :
> [moah]
s=0 i
with
hy 0 0 0
L e
H = h; h, hq 0
hn_days hndays_1 h'ndays_2 hndays

For the full model:

Given a vector of basic reproduction number and the parameter linking mobility and transmissibility,
R, , B, the matrix of daily effective reproduction number is:

R = log(Ry)) —B(1—M)
where B is a matrix, of size n_days, n_loc ,with each column equal to 3.
The reproduction number relevant at the time of death becomes:
R®? = H.R

The likelihood is computed from D and Ot * RP? (with * the element by element product)

For short-term forecasts and longer-term scenarios, we augment the mobility matrix above for
future dates, get the effective reproduction matrices (using the joint posterior distribution of
estimate Ro and f3), obtain the new augmented matrices of reproduction number at time of death
RD’Z, and finally compute the expected numbers of daily deaths in the future.

Using a Poisson/negative binomial random number generator, we get short-term forecasts or
longer-term scenarios.
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